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INTRODUCTION

While the applioation of eleotrooardiography to the diagnosis of coronary artery disease is oomparatively reoent, the modern method ot the graphic registration of the heart beat is the
result of many years of research and experimentation.

As early as

1856, Muller and Kolliker, using the heart of a frog, demonstrated
that the contraotion of the heart muscle was accompanied by a difference in eleotrioal potential.

Waller, working in his experimental

laboratory in 1887 (169) demonstrated that these differences in potential oould be recorded by means of a capillary electrometer if
proper oontaot oould be made between the wires of the eleotrometer
and any two areas of the bod,y whioh included the heart between them.
It was not until 1903, however, that Einthoven of Leyden introduced
the string galvanometer which has been slowly developed_ into the
sensitive electrometer of today thus putting at our disposal an
acourate means of studying the various heart disorders by graphic
methods. (32)
The eleotrocardiogram is a record of the production of
electricity by the heart muscle.

This electrical

prod~otion

is one

of the functions of the muscle and is intimately connected with tht
contraction of the fibers.

Thus if the muscle is diseased, it will

produce a different graphic pioture of the changes in electrical potential than will be produced normally.

Due to the fact that the

graphic record in disease will ditter from that obtained trom the
healthy heart muscle, it is possible to diagnose many types of
myocardial disorders through oorrelation of certain abnormalities
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ot the record with certain types of pathological change (119).
As a result of countless research efforts directed toward this end,
we may now assign ·the various ev.ents of the normal heart oycle,
with some degree of certainty, to their respective counterparta in
the electrocardiogram.

The P wave is universally regarded as por-

traying auricular systole, while the PR interval signifies the delay of the impulse in the auricular-'Yentricular node.

The passage

of the excitation wave through the interventricular septum, papillary
muscle, and the adjacent.apical portions of both ventricles is represented by the Q wave while the most prominent part of R is ascribed
to the aot-ivation of the mass of the ventricular walls, and the last
part of the QRS to basilar excitation.

Following these deflections,

there is a quiescent, normally isoelectric period, the ST interval,
followed by the final deflection or T wave whioh represents the summation of the unbalanced electrical forces in the final period of
ventricular contraction. (65)
Before beginning an analysis of the eleotrocardiographio
abnormalities resulting from coronary disease, it might be well to
review the general plan of distribution of the coronary arterial
supply in man.

The heart is

sup~lied

by the right and left coronary

arteries arising from. the sinus of Valsalva just above the semilunar valves.

The left is the more important from the point of view

of this study being the more likely to sudden occlusion by thrombosis or einbolism.

It courses in the left ventricular groove to

supply the anterior wall of the left ventricle, the anterior papillary muscle, and the left half of the thickness of the inter-
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ventricular septum by means of its anterior descending branoh.

!ta

oircumflex branch turns posteriorly in the auriculo-ventrioular
groove supplying the posterior wall of the left auricle and the left
ventricle, the posterior papillary 11112sole, and the posterior portion
of the septum..

The right coronary artery runs along the right· or

posterior interventricular groove and supplies the right ventricle
over its main extent.

Its circumflex

~ranch

continues forward around

the right side of the heart supplying the right auricle (62).

This

picture, while typical for the adult, is not ·constant throughout
life since developmental changes t8.ffeot the pattern.

Gross• has

suggested that in early life .there is not much difference between
the right and left coronary distribution, but with advancing years,
the left coronary gradually

~ains

the ascendency in the number and

distribution of its branches •. In the aged, there is a gradual oonstriation in the distribution of both coronaries particularly that
0£

the right.

This may account for the more alarming symptoms in

coronary disease which octeurs during the period of retrogression,
, advancing age tending to increase
the gravity of the prognosis.
.
.

There is some discussion at the present time as to the e111Lct status
of anastomoses in the coronary circulation.
stated, •From a
as terminal.

o~inical

Kalm. (82) in 1922

standpoint the coronaries may be considered

Though the capillaries may anastomose slightly when a

coronary branch is occluded, the anastomoses are not sufficient to
maintain adequate nutrition of the heart so as to prevent the development of symptoms."
•Cited from Wolffe #195

In contrast to this point of view, Wolffe
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(195) wrote as follows, "The coronaries are no longer to be considered as end arteries on account of their numerous communications
especially of the deep intramuscular branches, by which collateral
circulation may be maintained.

Coronary disease may therefore be

removed from the catagory of hopeless diseases and placed in a more
manageable rank."

Regardless of the degree of actual collateral

circulation possible, no one will question the fact that the conductive system, as well as the heart muscle, depends upon the proper
function of the coronary arteries for its nutrition.

It is there-

fore quite logical to assume that any disturbanoes of the arterial
supply of the heart's conductive system will impair its nutrition,
which

i~

turn will impair its function.

According to Bohning and

Katz (19) conduction is the most la.bile physiologic property of the
heart.

Since it is the ftrst to be affected and the last to return

to normal when the cardiac muscle is damaged or malnourished, impairment of the circulation should, theoretically at least, manifest
itself in an alteration of the physiological electrocardiogram.
From the above description of the pattern of the coron ary circulation in man, it will be evident that infarction of the
· ventricular musculature resulting from occlusion of one of the
arteries or their main branches will be rather definitely and constantly localized anatomically in the heart.

Thus occlusion may

prpduce infarction of the anterior apical portion of the left ventriole if the anterior descending branch of the left coronary is
closed, and infarction of the posterior basal portions if either
the right coronary or the circumflex branch of the left is closed.
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Acute myocardial infarction is almost wholly confined to the left
ventricle.

Although pathologically speaking, the changes produced

may be ot a radically different nature, nevertheless the area affected will be essentially the same whether the occlusion be sudden
due to embolism or thrombosis or slow due to atheromatous changes
in the vessel walls.

With this in mind we may.proceed to a consid-

eration of the eleotrooardiographic abnormalities which are a result of alterations in the coronary blood supply.
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CLINICAL DISCUSSION

Before entering into a discussion of the eleotrooardiographic

abno~lities,

it might be well to give a brief clinical

olassifioation of coronary insufficiency.

The one cited below baa

been found to be very workable from an electrocardiographio standpoint. (20)

1.

SUBA.CUTE CORONARY IHSUFFICIEBCY

A. Uncomplicated torma of mtocardial infarction (thrombotic closure)
a.
b.
B.

Anterior
Posterior

Complicated forms ot l!W'Ocardial infarction
a•

Sclerotic closure
i.
Anterior
ii.
Posterior

b.

Combined anterior and posterior infarctiCl'l
(One ot the infarcts being recent)
1.
Old posterior and recent anterior
ii.
Old anterior and recent posterior

c.

Multiple recent small infarctions.

2. .PROGRESSIVE OR NON-PROGRESSIVE CHRONIC CORONARY INSUFFICIENCY
(Coronary sclerosis without infarction.)

A. Distinctive electrocardiogram resembling that of
anterior infarction

3.
4.

B.

Distinctive electrocardiogram resembling that of
posterior infarction

c.

Indeterminate electrocardiogram

TRANSITORY (ACUTE) CORONARY INSUFFICIENCY
SUDDEN FATAL CORONARY INSUFFICIENCY (Thrombosis, embolism.,

ventrioular.fibrilla.tion)
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The electrocardiogram of the uncomplicated forms of recent myocardial infarction.

ANTERIOR INFARCTION
This.is the most common type of recent infarction encountered clinically and is usually due to thrombosis of the descending branch of the left coronary artery on the anterior surface
of the heart. (102)

The resulting infarct usually involves the

anterior wall of the left ventricle and adjacent septum {189)
although the variability in distribution of the coronary circulation
in the normal heart_ will alter the location slightly in individual
oases.

The progressive electrocardiographic changes are best under-

stood if considered individually.
RS-T Segment
The most spectacular of the early changes involve the
alterations in the RS-T segment, and take place during the stage of
myocardial isohemia. (122)

Instead of the normal return to the iso-

electric level following the completion of the R wave, the RT segment in lead l will take its origin from a point located somewhere
on the descending limb of R.

The result is a plateau-like elevation

of the segment of from 1 - 3 mm. in height (or larger where the
maximum deflection of the QRS complex in that lead is abnormally
large) which may be tlat•topped, descending at a point correspond ing to the apex of T in subsequent curves, or which may, in other
instancest rise to form a summit at the end of the plateau before
returning to the isoelectrio level.

This deviation is usually pre-

sent within a few hours following the clinical onset of the occlusion
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Figure 1.
Scheme illustrating the evolution of the plateau 't71>e of
ourve in leads 1 and S •.
(a) Monopbaeio curve, reoi:prooal BS-! deviation in lead• 1 and 3
(b) Intermediate phase, T waves becoming evident.
(~) Diphasio curve. T ot opposite 1ign in leads 1 and s.
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(136), but in some oases, may not appear for several days (18), and
in a few instances has been reported present 24-48 hours prior to the
onset of the cardiao accident. (130)

The elevation at this period

is described as "monopbasio" (see figure 1), and it is incorrect to
speak of the summit of the plateau as a T wave.

The RT changes of

lead 2 are similar in direction to those of lead 1 but are less
marked.

In direct contrast, however, are the changes ill lead 3

which are direotlf ,opposite in directi91l, the H segment arising
from the ascending limb ,of S prior to the time it' reaches the iloelectric line,,

After a.,variable

perio~

of time, uauall1 from one to

several weeks, the origin of the RS-T segment gradually

app~oachu

the baseline and again becomes isoelectrio.

T Wava
As the RS-T segmctnt

ret~rns

to normal, a T wave begins to

take shape at the point where the descending limb of the deviated
limb of the RS-T segment joint the isoeleotrio line.

This T is

always developed in a direction opposite to that of the original
deflection of the RS-T
a positive T3.

segme~t

giving us a negative Tl and T2 and

The intermediate upright T3 usually develops before

the intermediate downward Tl. (110)

By the time the RS-T segment

has again achieved an isoelectric origin, we have developed the
typical "coronary T"• ot Pardee (118 and 119) which arises from the
•
It is the form, not the direction of the deflection, that '!lakes
the coronary T wave characteristic. Bohning and Katz (18) have
pointed out that it is just as diagnostic when appearing as a positive
deflection.
·
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Comparison a.s to form of the transi tione.l curves experimentall.7 produced by injury to the ventricular muscula't'Ure with
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Io. 139;

Eppinger and Rothberger -

No .. 48.
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Pardee - No. 118, 119.
x&lm - :No. 82, 83.
Clarke and Smith - No. 24.
Willius - No. 174, 175, 176.
Robinson and Hermann - No. 132, 133.
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curved, do111111-shaped RS-T segment and which is oharacteri1ed by a
peaked apex and a- comparatively straight returning limb.
also identical to the
Oppenheimer (136).

~oove•pla~•"

This is

T wave ot Rothschild, Mann, and

The T is uauall7 well developed at. the end of

two weeks, and may persist in its characteristic form frOll. a few
weeks to as long as several years.

Usually there is some indi-

cation of a return to normal attar three months.
be

may

compl~te,
1~op

This change may

giving us a normal upright T wave in all leads, or it

short leaving an inverted of flattened Tl.

The return to

normal occurs first in lead 2, followed shortly by lead 1, while
the _upright T3 is last to lose ite charaoteristrio appearance finally becoming blunted or flat (122).

Some evidence of residual T wave

changes can usually be found after many months, and may persist
permanently.

During the period of transition, a simple inverted T

nay be the only evidence of a former occlusion.

According to Barnes

(8), negativity of the T wave in lead 1, arising on the isoelectric
line and without any particular change in the contour

o~

the RT seg-

ments, is enough to allow a presumptive diagnosis of coronary occlusion to be made, providing the tracing is known to have been normal
in the preceeding few days.
QRS Complex. ·
During the period following the occlusion m&?JY' variable
and atypi~al changes take place in the contour of the QRS complex in
the various leads, some of which are more or less characteristic
while others are entir•ly

u~predictable.

Included among the former
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we have a definite• Ql which was first described as being associated
with this type of infarction by Wilson et al. (182)

They

character~

ize it as being broad and conspicious in contrast to the absence of
an initial deflection in leads 2 and 3 where the R wave is commonly
followed by a deep

s.

Although not absolutely diagnostic of the an-

terior type of infarction, its presence after an acute coronary occlusion in a tracing that has not previously shown evidence of right
axis deviation is very suggestive of that type of lesion.

Its chief

diagnostic value lies in the fact that it persists long after the
ST and T wave changes have disappeared.

Other less constant changes

in the initial ventricular deflections include widening of the QS
interval often to the_ point of arborization and bundle-branch block
(114, 180, 37, 136, 26) distortion of the complexes with secondary R
apices, M and W complexes, notching and slurring••, which Willius
.

.

(174)' believes indioe.ter local. disorders in myocardium· affecting the
conducting system, in one or more leads (14, 195, 151, 74,
low voltage which will be discussed below.

18~),

and

Among the more unusual

changes is that ~eported_by Winternitz (190) of an· extensive anterior
infarction in which there was a negativity of the principal QRS deflection in all leads whether

Q·

'

or

s.

Thus while none of the changes

described above may be considered in themselves diagnostic of cor•

**

All Q~ s of at least 1 mm. which are 1/5 as large as the largest
R ·in any lead.
Some difference of opinion exists as to just how much notching
and slurring must exist to call the tracing abnormal. Pardee
(120) states that notching and slurring of the QRS in isolated
derivatives can be considered normal only when found in one lead
and that of relatively small excursion. If found in two, it can
be considered normal only when notching occurs near the base line. ·
It is never normal to find notching in three lead• or near the
peak of R in any lead of relat'ively large excursion.
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onary ooclusion when appearing in a single tracing, a sudden change
in the charaoter of the ventricular complexes in serial records is
most significant.
Preoordial Leads
Since Wolferth and Wood (191) first used chest leads in
the diagnosis of oocluaion in 1932,_ numerous difteren1; derivations
have been suggested for use.

In this disoussion, I will consider cn-

ly lead 4F (identical to lead 01"4 it the apex is located in approximately normal position) as recommended by. the committee on precordial
leads of the American Heart Association. (153 and 154)
lead exhibits the following picture.

Normally this

The P is usually small and is

normally positive or dipbasio, while the QRS consists of a large
initial upward deflection commonly followed by a dowmirard component
of approximately equal size.

The RS-T interval, while usually short

and giving way rapidly to a prominent T wave, may normally show a
.slight positive takeoff, so that slight elevations must be interprated with caution. ·Slight depre.uions, on the other band, are
decidedly more significant.

In the anterior type of myocardial in-

farctiO.U• the R wave is usually small (Imm or less) and frequently
absent.

It is not uncommon to find a monophasic QRS of negative

voltage while Bohning and Katz

(~O)

noted a few oases exhibiting

a diphasio complex with a negative initial deflection.•

The RT in-

terval shows an early elevation as in the case of standard lead 1
and is o.tten horizontal in apnearanoe so that T4 can not be made out.
•

These cases are usually associated with some degree ot intraventrioular block.
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As the RT4 returns toward the isoeleotric or normally positive level
and regains its upward declivity', a diphasic and then a negative T
wave appears.which waxes to great height before waning and disappearing. (20)

The tully developed negative T wave is charaojlerist.ically

sharply peaked and is often of abnormal depth (over 10 mm)•

In con-

junction with the above changes, there often occurs notcshing of the
initial ventricular defleotions, and the P wave occasionally becomes
diphasic if previously positive.

That all investigators are not in

exact accordance as regards the way in which this lead should be
interpreted ie illustrated by the tact that Goldbloom (147) doee
not

~onsider

deviations.

a diphasic T as abnorinal, and he· entirely ignore• ST4
Since the RS-T and T wave changes 'may ocour sooner and

last longer in this lead than in the standard derivations, pathology
is often detected here which might otherwise haTe escaped unnoticed

if only the limb leads had been taken.

(173)

Here again it might

be well to emphasize the importance of numerous, well-timed serial
tracings in a oase of suspected coronary occlusion since it is the
rapidly changing torm of the complexes rather than a'0.7 single oon figuration itself which, in the last analysis, makes the diagnosis
certain.

POSTERIOR INFARCTIOB
By the term posterior intarotion. we rater to those intarots

on the posterior surface ot the.left ventricle near the base due to
•

Willcox and Livibond (173) consider a T4 over 10 mm in amplitude
whether positive or negative as suggestive of localized apical
in:t'arction.
A large T4 is usually associated with large upright T2 and T3 (166)
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ooclusion of the right coronary artery especially of the posterior
branch (165).

In this form of occlusion. the changes in the electro-

cardiogram are produced by changes of potential exactly opposite to
those acting in the case of anterior occlusion.

The RS-T and T

changes. therefore,; are exactly opposite to those discussed above.
consist'ing of an eleTatiou in leads 2 and 3 and a depre.aaion in
'
lead 1 with intermediate T waves developing into final deflections
.

in the opposite direction.

A

large Q waTe in lead

3

is much :more

liable to deTelop here than ia the prominent Ql of the anterior
type.

The return toward the normal electrocardiogram follows the

same sequence as described above.

As a rule the changes in the pre-

cordial leads are less spectacular and less characteristic in thia
form of occlusion.

In the early stages there is usually a depress-

ion of the RS-T segnient. but the deviation is not so marked as in
the anterior type.

In the period when the segment is depressed it

tends to become horizontal with or without a downward bowing. and
its termination is to be more clearly differentiated than the
normal
•

~pward

slopping.

In the series of Bohning and Katz (20).

Much has been written concerning the large Q3 characteristically
appearing ln this .f'orm of infarction. Although many theories
have been advanced as to its cause. the predominant belief is
that it represents posterior septal involvement (53). The
criteria for the.diagnosis ot a large Q3 are as follows. (121)
1. Excursion must exceed 25% of the greatest excursion of
R in any lead.
2. The tracings must show left or normal axis deviation.
3. All records 'must show an initial dowuward deflection
in lead 3 followed by an R with no S deflection.
4. Tracings must be omitted which show M or W complexes.
Durant. (43) modifies the criteria by allowing those tracings to
be considered that show an S def_lection and also those with
slight notching of the dowustroke of Q (the W complex of ·Pardee)
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horizontal ST4 often occurred without depression, and they considered
this a oharaoteristic finding in recent posterior infarction.

Follow-

ing the return of the segment to the isoelectric, R4 becomes large
and T4 is usually strongly positive.

Generally speaking, lead 4 is

of less value in this type of infarction since it is less likely to
show changes in the absence of changes in the limb leads.

In both

varieties of infarction, the changes in the initial ventricular deflections in the chest leads are the most permanent of all the abnormalities outlasting the high voltage T waves.

Thus the absence

of R4 in the anterior lesion and the large R4 in the posterior le•
sion may be the only residual changes when the first tracing is
taken saveral months following the oardiao aooident.
There now remain to be discussed several electrooardiographio abnormalities which appear in ahd are more or less oharaoteristic of both types of 11\Y'OOardial infarction but also are to be
found associated with various other varieties of coronary insufficiency.

They are as follows:

P Wave Changes.
In 1933, Masters (I06) called attention to certain changes
in the auricular wave whioh he believed were oharaoteristio of coronary occlusion.

He examined a series of forty oases and found de-

finite P changes in So%.

These alterations consisted for the most

part of increased amplitude with occasional notching and widening.
They ooourred most frequently in lead 2 with leads 1 and 3 following
in that order.
Bti~ing

The P wave changes are most manifest, he declared,

the first few days of acute illness when cyanosis, congestion
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ot the lungs, enlarged liver, and severe dyspnea or orthopnea are
present.
tion.

He considered the changes to be due to auricular dilata-

Probably no great significance can be attached to this find-

ing since in relatively tew of the oases of acute occlusion do we
have control tracings with whioh to compare and thus detect relatively small increases in the size of the auricular complex.
Arrhythmias
In surveying the literature, one finds evidence ot every
imaginable type of disordered rhythm following acute coronary occlusion.

These include premature contractions ot both auricular

and ventricular origin (132, 156)• auricular fibrillation (112, 151)
and flutter (126) which may be paroxysmal in nature (3), simple
sinus arrhythmia (175), ventricular tachycardia (132) and ventricular
fibrillation which may occur as a terminal event (see below).

Puddu

(126) found auricular fibrillation to ooour much more often than
flutter.

This is the result, oftentimes, he believes, of occlusion

of the right coronary artery with a shutting off of the blood
to a large portion of.the right auricle and the sinus node.

supp~

In the

case of occlusion of the left coronary artery, he explains the phenomonon on the basis of a reflex which originates in the injured
portion of the heart

m~sole

or by overwork which throws a burden on

the auricles in all oases of 11\Y'Ooardial infarction.

In almost all

oases of intermittent flutter and fibrillation, the paroxysms are
introduced by auricular extrasystoles.
Disturbances of Conduction
Beside frequent examples of block of the arborization and
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bundle-branch variety mentioned above (175. 180. 194. 179) which are
considered by Bohning and Katz (20.} to be indicative of aeptal involvement.• there are also to be encountered, following attacks of
occlusion, various manifestations which result from the shutting oft
of the blood supply to the AV and SA nodes.
from the

so~oalled

These range all the way

"wandering pacemaker" (86) due to disturbance of

circulation around the SA node (supplied by the ramus oateii cavus
superioris which may be a branch of either of the two main coronaries

(67) through disturbances of AV conduction (112. 77) to complete
heart block (112, 86, 179, 158) resulting from alterations in the
circulatory supply to the AV mode {supplied by the fourth from the
last main posterior deaoending branch of the right coronary which
gives off the ramus septi fibrosi to the node (67).••

The great

majority of oases of complete heart block occurring after acute un•
complicated infarction are associated with closure of the right
coronary artery.
Low Voltage
Decreased amplitude of the main deflections is a frequent
finding in both of the main uncomplicated types of coronary oocluak>n.
•
••

Not all of the authors caaes exhibiting septal involvement show
evidence of intra.ventricular block.
Kugel (91) found a l~rge vessel, the arteria anastomatica auricularis magna, a branch of the left coronary artery which anastomoses freely with the artery of the AV node. Because of this he
considers that the node will receive insufficient blood supply
only on rare occasions such·as in.
1. Acute right coronary thrombosis plus sclerotic narrowing
ot the opposite coronary or its branches - or
2. Sclerotic narrowing of the left coronary and temporary insufficiency of the blood supply here by reason of congestive failure or extreme pbysioal·exertion. He considers
this the most satisfactory explanation of transient blook.
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Its presence has been reported by many investigators (155, 161, 151,
33, 74, ·147, 185) who oonclude that not only does a reduction in the

size of the ventricular oomplexes ooour in ocolusion but that coronary
disease i8 one '>Of the .main causes of low voltage, aooounting for
of the oases reported by steuer.•

76%

The low voltage may be of a tran-

sient nature and may disappear simultaneously with signs of clinioal
recovery of the patient.

It is considered an indication of poor prog-

nosis when the fall in amplituae is marked and persists at a low
level or is constantly progressive beyond the first waek or ten days. ·
Winternitz (190) believes that the cause for the lowered voltage may
be found in the disturbed muscular balanoe.
sized the advantage

Here again we see empha~

of serial tracings over the single record which

can give no indication of the tendency or rate of progression of
voltage changes.
Axis Changes
Only during the last few years of electrocardiographio investigation has emphasis been placed on the care whioh must be exercised in the interpretation of axis deviation in traoings.

No longer

can the term axis deviation be considered synonomous with ventricular
preponderance or hypertrophy since many other conditions, including
ohanges in position of tlie heart as in pregnancy (147), will alter
the potential differenoe in respect to various

pla~es

of the heart.

First notice of a prompt shift to the left following thrombosis was
made by Pardee (118)
•

who

considered it due to involvement of the

This series took into consideration coronary sclerosis as well
as acute· occlusion.
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circulation of the

septum~

Sino• then muoh research has been done

on the subject (175, 14, 112, 151, 88) by many investigators who
stressed the sudden ohange from left to right and vice versa following arterial ooolusiou.

Van Nieuwenhuizen and Hartog (167) stressed

changes in the eleotrioal axis f'C?llowing occlusion whioh might be
first evidenced in the chest leads• due to a dilatation of the left
half' of the heart beginning in a sagittal plane, and which later
would be manifest in the limb leads.

They disagree with Nuzum and

Elliot (113) who attribute all left preponderance curves to ooro!llry
changes sinoe they found left axis deviation ooourring so consistently in young people with chronic nephritis that would be very unlikely to show oorouary damage.

Left axis deviation, wrote Van-

Nieuwenhuizen and Hartog, "is generally not seen when no dilatation
exists.

Absence of left axis deviation in hypertension which has
\

brought about a heart dilatation is in our opinion oaused by other
faotors which conoeal the deviation

i~

these oases".

Bohning and

Katz (20),t'ound left axii shift with all types of inf'arotion,, but
marked deviation associated with preponderance of the left ventricle
was more common with anterior infarction.

They found right axis

shift only infrequently and then always associated with the anterior
variety of infarction.
•

Occasionally both right and left shifts

Method of detecting axis deviation from the chest leads as outlined by these authors is as follows. Normally R is never under
2 mm. and S usµally does not exceed 17 mm. Normal SsR ratio
is 2:1, showing normal extremes of from one to eight. In the
left axis deviation there is an increase in the height of S and
a disappearance or decrease in the depth of R so that the ratio
values go to 10:1 or more. Curves with anterior ooronary in- ·
farotion and those with bundle-branch or arborization blook
must be excluded.
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were transitory in nature.

All authors agree that sudden axis shifts

such as may be encountered only on well-timed serial tracings are of
considerable significance, but that there is no single axis pattern
that oan be considered typical of.any particular form of occlusion.
Optimum Time for Taking Tracings in Uncomplicated Infarction.
In addition to the need for serial tracings much emphasis
has been placed upon the proper

ti~ing

of the records in order that

minor changes in the form of the complexes, which may be.the only
'

,

evidence of an occlusion, will not escape unnoticed.
recommends the following intervals as most
a.
b.
c.
d.

Richter {130)

satisfactory~

As soon as possible after the accident.
The next day following the accident.
48 hours fdllowing the second.
Weekly intervals for as long as necessary.

A brief discussion of the.events taking place in the heart
muscle following occlusion will serve 'to establish the logic of the
above schedule.

The early characteristic ST segment and T wave changes

are essentially transient pbenomona {l89) and can not be ascribed to
the disappearance of the electrical forces normally produced by the
necrotic muscle.

On the other hand they can not be expected to arise

directly within the dead tissue which can, of course, produce no
electrical effects.

It is clear, however, that these changes to-

gather with the QRS alterations that follow or accompany them, must
have their origin in events that occur with the mu.sole zone that normally receives its main blood supply through the obstructed vessel.

It seems logical that the RT displacement following occlusion is due
to the disappearance during systole of a current of injury flowing
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at the boundary of the infarcted area (42, 40).

The T wave changes

appear because of the prolongation of the duration of the excited
state in the muscle that gives rise to the current of injury, and
the QRS changes, which are more permanent, to the absence of electrical foroes normally produced by the infarcted muscle (189).

Thus

we should expect to find ST setp11.ent changes occurring during the
first week or ten days throughout the period of infarction and necrosis, the T wave changes following later during the period of organization and repair (119), and the permanent QRS changes persisting during the recovery phase as a memorial to the soar remaining
in the

~ooardium.

Prognosis on the Basis of the Electrocardiograph.
For many years, it has been a well known fact that the
case of posterior infarction carried a much better prognosis than
does one of the anterior variety.

In oonsidering the

significance

of this fact, it must be remembered that clinioal series show the
anterior variety to be the more common (13, 102) while pathologists
report about an equal incidenoe of the two types.

Van Nieuwenhuizen

and Hartog believe that this may be the result of the fact that the
anterior variety results more commonly from acute closure while the
posterior type is found more often following a gradual narrowing of
the lumen of the vessel.

Thus we see that on the basis of localiza-

tion alone, we have grounds for electrocardiographic prognosis.
Moreover, considered as a group, the occlusions showing a definite
and typical picture (1.-e. either anterior or posterior) seem to
have a better prognosis than the indeterminate type

w~th

small,

r
I
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slowly developing, atypical changes (50).

This may be due to the

faot that the infarction in the former oase is single and not large.
As to prognosis within a given class (i. e. either anterior or posterior) the faots are less definite.

Bloom and Cashon (16) believe

that if, after thrombosis, the electrocardiograph reveals a spiked
QRS with no appreciable widening and above five millimeters in voltage, the ohauaea of recovery· from the attack are excellent.

If, how-

ever, _the traoings reveal notched or slurred QRS complexes and/or
a voltage of five millimeters or less in one or more leads, the patient will probably suooumb or have irreparable heart damage.

In

oonoluding they state, •To consider these findings as absolutely
prognostic phenomona would be absurd, but their influence as additional (to olinioal) prognostic data should not be 4isregarded."
Atypical Pictures
Although many of the complicating factors that tend to
confuse the eleotrooe.rdiographic pioture will be left to be discussed in another section, it must be remembered that even unoomplioated oases of simple anterior and posterior infarction will
not adhere to exactly the same pattern.

Wood et al. (197) list the

factors whioh tend to alter the pattern in individual oases as
follows:
1.

Anatomic variations in the coronaries in various sub~ects are responsible for many unexpected ale otrooardiographic results.

2.

The type of electrocardiograph depends upon the relative
position of the heart with its infarct and the electrodes.
Changes in the position of the heart in the experimental
animal. gives changes in a given infarct. Considering the
various size, shape, and position of heart and axis an
infarct in a given position will vary in its eleotrooardiographio manifestations in minor ways.
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3.

The eleotrocardiographic abnormalities in acute oooluSion are probably dependent upon the exact size and location (with referenoe to the electrodes) of the isohemic
area of the heart_ The area of ischemia may b~ different
from the area of infarction found at necropsy and varies
from time to time depending upon.
a. The effioienoy of the general oiroulation.
b. The oondition of the adjacent coronary ciroulation.

4.

As ·pointed about above, marked variations of the ST segment are caused by injured but living nruscle. When this
musole dies the deviation disappears. If, therefore,
the heart is the seat of a large infarct in which the
major portion of the involved heart musole is dead, only
small RS-T deviations might be recorded. After several
days, the obtainable RS-T deviations are probably produced by muscle situated at the periphery of the lesion,
rather than by the main infarcted muscle mass. Thus if
no tracing is taken shortly after the onset (as recommended above) we can not say that the reoorded deviaticns
of the RS-T interval were caused by the ischemic heart
muscle located as the pathological lesion is located.
The main muscle mass may be dead and inoapable of giving
rise to RS-'1' deviations. For this reason experimental
lesions made with a oautery (35) must probably be interpreted with caution especially if the lesions are large.

5.

Previous electrooardiographio abnormalities will alter
the final pidture resulting after an aoute ooolusion.

6.

other factors less well understood (130). such as
a. Chemioal and physical reaotion of the blood
and tissues.
b. Platelet count.
Finally, before leaving the discussion of uncomplicated in-

farotion, it is only fair to state that in some oases no demonstrable
abnormalities ot the electrocardiogram will be encountered.

The in-

cidenoe of oases in which positive findings are obtainable have been
muoh increased bpth by the employment of chest leads and the utilization of serial traoings, but there still remain some records whioh
must be oalled normal aooording to existing standards.
hand, aooording to Wilson et al. (189)

On the other
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Figa.re 3.
Diagra.nmatic illtuttration of the classic type of change•
usually found in leads 1. 3, and 4 (CF4 ) in tbe stages of
development of and recovery from uncomplicated infarctions
of the anterior and of the posterior wall due to 8'1ldden
thrombotic closures.
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grams that are normal in all respects and have been taken in the
period.immediately suooeeding the onset of the suspected infarction
should not be wholly disregarded unle•w·the sympt01111 and physical
signs pointing to this condition are unequivocal."'
Thia brings us at this ti• to a disousaion ot the ooaplicated foJ'1D8 of Jl\YOOardial intarotion.

SCLEROTIC CLOSURE
Under this heading are oonaidered those intarotl:'ons that
result from the more or leas sl"' narrowing of the l'U118n due to the
formation of ·a.theromatoua plaques· in the vessel walls .or from marked
coronary sclerosis with or.without oongestive -heart failure.
tomioally they may, as in the oase of the
-

Ana-

unoom.pli0.t•'4~forma,

be

'

olassified into anterior .and posterior varieties aooord_ing to the
vessel oocluded, but for several reaso~s, the electrooa~iographio
picture wh~ch they present is often quite different' 1;"roliVthe uncoapl ioated f o:rma.

The :t'aotors most
.

resports~ible

for tllb dtfterence
•·

are the gradual, instead of' sudden, onaet of the ooolusion with consequently more tims :t'or the establishment of collateral circulation
to the area involved, and the condition of the remaining coronary ciroulation, for it stands to reason

t~t

an extensive sclerotic process

in one coronary artery will be accompanied by sclerosis of an almost
if not equal_ degree in the remaining coronary circulation.

Thus we

find electrocardiographic patterns that vary oonsiderably from the
classic anterior and posterior types in individual oases.

For example

the RS-T segments may be depressed in all three of the standard leads
although they are re.rely elevated in all.

Bohning and Katz (20)

r
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I
i

found ST3 elevation of all oases of closure due to sclerotic plaques
coming to autopsy whether the vessel occluded was the right or lett
'

coronary.

The T wave pattern may be bizarre, a negative T3 occurring

oooasionally in oases of anterior infarction while negative coronary
T's have been reported in all the standard leads following an ooolusio~

of this type (20).

The most comnon variations from the classic

T changes are found in the anterior type of infarction from solerotio
plaques.

Q

changes are. also far leas constant and more unreliable •.

While a large Ql is commonly seen with uncomplicated sudden anterior
closure,

i~

is rarely seen with occlusion resulting from plaquesJ

however, Bohning and Kata (19) report several oases of' sclerotic oo-·
clusion in which a large Q wave was present in all leads.

The arrhy-

thm.ias, delays in conduction, disturbances in voltage, and axis deviation seen in the previous type also complicate this form of closure.
The findings in the thoracic leads are also not definitely predictable,
Van Nieuwenhuizen and Hartog having described a picture which they
consider typical f'or the posterior sclerotic ocolus.ion (found much
more commonly in their series 'than anterior infarction which they believe is due more otten to sudden closure).

Here the initial defleo-

tion is downward followed by a tall R* wave which is usually notched
and an ST segment whose takeoff is depressed, that is concave in appearance, and, "into which creeps a positive T wave."

The small Q,

"may be missing and may occur in other types so that it may be valued
only in connection with other deflection."
•

The most characteristic

Bohning and Katz (20) believe that R is more often small when
closure is due to plaques.
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point is the depressed and concave course of the RS-T segment.

In

some cases the ST segment may be flat but keeps on dropping too low
and runs below the isoelectrio level.

The associated pathology in

other leads is usually as follows:
a.

Lead 1 shows an absolutely or relatively too deep
S and low T.

b.

Lead 2 shows a too broad ventricular complex,
notches in the R or S, and a too deep S wave.
The PR interval is always prolonged.

c.

Lead 3 shows a deep S wave, notches after the S
wave, a flat, diphasic, or negative T and sometimes a Pardee Q. The convex ST segment usually
has a high takeoff and W or M shaped ventricular
complexes are comm.only present.

Proof that this lesion is of the posterior variety is offered as follows:
.a.

There is confirmatory evidence in lead 3.
and Whitten 11, Wilson et al. 189)

(Barnes

b.

The ventricular complexes .are broad, having approximately the shape of an arborization block, and the
atrioventricular conduction time is prolonged beyond the maximal. Both of these may be ascribed to
alterations in the circulation of the posterior coronary arte~.

c.

Absence of the deviations characteristic of oorone.ry
occlusion in lead 1.

d.

About the same form is sometimes seen in ventricular
extrasystoles in' the chest leads when ventricular
systoles of the left type exist in leads one and
three.

Bohning and Katz (20) state that the QRS4 is less liable
to be entirely negative in this type of infarction than in that resulting from sudden closure but is usually mainly so.

In conclusion

it might be eaid that the electrocardiogram of the case of infarction
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resulting from olosure due to plaques or solerotio prooesses resemble a the picture due to infarotion from sudden ooolusion in its
principal features and general tendencies, but differs in many essential "11.inor details, not the least important of whioh is the time
relationship of the progressive alterations.

COMBINED INFARCTIONS
Aooording to Sprague and Orgain (168), "Acute coronary
thrombosis with closure limited to a single:artery or branch of an
artery is relatively r.are on the autopsy table."

If this statement

is true, it must follow that the combined forms of infarotion should
receive serious consideration from an electrooardiographic standpoint.
Although so much variation results, depending upon the anatomical locations of various infarcts in the same heart and the time interval
ooourring between the various occlusions, that the description of a
given picture whiohwill hold for any iarge number.of oases is impossible, certain generalities may be cited.

Because of the time

relationships of the various complex changes, it must be obvious
that when two infarctions occur with an interval between, the final
picture will include the acute (RS-T) changes of the more recent infarct and the residual (T and initial deflection) changes of the
primary occlusion.

Thus with a

recen~

posterior infarct superimposed

on a previous anterior, we might expect to find a large Ql and possibly a negative Tl indicative of the initial accident, together with
an elevated ST 2 and 3 resulting from the more recent process (20).
Winternitz (190) de1oribes a syndrome whioh he considers oharaoteristic of dual infarction which involves a shrinking of all of the
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main deflection& while the smaller ones remain unohanged (confirmed
by Gagu 60).

Wolferth described several oases of combined anterior

and posterior infarotion in which the ST segments were elevated in
all leads (maximum in lead 2) and others in which they were depressed in all leads.

In a consideration of the precordial leads, Will-

oox and Loviband (173) deaoribe a large R suggestive of posterior
infarction combined with an absent S indicative of possible anterior
infarction, while Bobning and Kats (20) describe the QRS4 complex
as mainly negative in oases of combined infarction. Wood et. al.
(197) published records of a case of acute anterior infarction with
residual large Q3 and inverted T 2 and 3 suggesting a previous anterior infarction.

These same authors also described a case 'ot acute

anterior infarction at the extreme apex which had been the site of a
previous extensive infarction, the records
in any of the leads.

a~w'ing

no RS-T deviations

Priest and Saphir (130) shawed reports of a pa-

tient who had coronary thrombosia without infarction who later developed infarction in the area supplied by the original occluded vessel following the occlusion of vessels supplying collateral circulation to this part.
Multiple small infarctions will also produce atypical and
bizarre records.

If they occur in the same location one will find

repeated aeries of acute changes superimposed upon the residual
changes from the previous infarctions.

Smith (156) described a case

in which there were several attacks of severe precordial pain.

Pro-

gressive extensions of the T deflections in serial electrocardiograms
were thought to indicate further cardiac damage possibly by the

'

'

r
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nipping of small arterial twigs (56).

Thus we see that every case

represents an individual problem which must be evaluated using the
clinical data to substantiate the serial electrocardiographic records.

It has been stated, and it seems logical to assume, that

this type of case carries with it a higher mortality than do the
uncomplicated single myocardial infarctions.

It has also been

pointed out that these forms are more often complicated by intraventricular block possibly on the basis of more frequent involve'ment of the septum due to the presence of more than one infarct(20).

PROGRESSIVE A.ND NON-PROGRESSIVE CHRONIC CORONARY INSUFFICIENCY
Under this heading are included all types of non-regressive
coronary insufficiency without cardiac infarction.

Some varieties

of chronic coronary insufficiency whether progressive or non-progressive have tracings resembling those of Jl\YOCardial infarction
except that the serial curves do not follow the course typical for
cases of healing infarction.

Such a course might therefore be con-

sidered characteristic of the changes due to local ischemia while
its absence might be considered indicative of generalized ischemia,
since it must be remembered that the electrocardiogram does not
depict the fibrosis or even the infarction but rather the presence
of localized or generalized anemia of the living muscle cells (141,
20).

In the non-progressive form, the four lead electrocardiogram

shows abnormalities whioh are practically stationary over long periods of time, months or years, since the collateral circulation is
able, either because the

pathologica~

processes are developing slow-

ly or not at all or because the impairment is not too far advanced
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to keep pace with the pathologic processes.

In the progressive

type, on the other hand, the electrocardiograph shows abnormalities
which progress slowly over periods of months or years or more.

Here

the· collateral circulation oan not keep pace with the pathological
prooesses either beoause the anatomioal changes are too far advanoed
or.because oardiac congestive failure is occurring (19).

The typwal

coronary T was first shown by Pardee (119) to be a typical finding
in coronary sclerosis.

That it should occur frequently in oases of

chronic narrowing is not surprising when one remembers that its pathological basis is not found in the prima.ry anemia of coronary

oo~

olusion but in the secondary action of repair about the anemia area.
Thus its appearance is not dependent upon infarction and it appears
often in those patients with a slowly progressive narrowing of an
arterial branch with a local area of ohronio isohemia and a surrounding secondary reaction of repair.

It may disappear in later records

where collateral anastomoses have taken over the blood supply of the
damaged area or when this has been replaced by fibrous tissue.

It

is significant of the specificity of the coronary T wave that it
does not appear in oases of chronic fibrous perioarditis or with
ohronio valvular disease (119).• Pardee believes its association
with definite atheromatous changes in the vessel walls has definite
prognostic significance and states, "When it ( the coronary T) is
present the possibility of sudden death from cardiac infarction can
not be denied."

Beside the typical coronary T, many investigators

report a simple inversion of T as a constant finding.
•

Strong and

Later investigations have shown that this statement may not be
entirely true. (See section on differential diagnosis.)
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Caverhill (164) found T wave changes in 53% of their series but did
not differentiate the types.

Nathanson (112) found simple T inver-

sion as the most frequent abnormality and described only 25% of
these as' coronary T's.

He con-aiders the simple inverted T equally

as significant of coronary pathology, however, although he does not
consider it specific.

Strong and Caverhill (164) found deviation

of the RT or ST segments in 61%.

Gager (60) found 60% of his series

of coronary sclerosis showed a "saddle" type of ST deformity, "an
abnormality•, he states, "which in its pure form is found almost
exclusively in coronary sclerosis".

He describes the deviation as

a curving ST with an upward concavity which in their records took:
its origin somewhat above the isoelectric line, from the descending
broadening limb of the R wave.

The seat of the "saddle" may or may

not sag below the isoelectric line and usually merges .in a broad upright T.

It occurred with about the same frequency in any one of the

limb leads and frequently was found in all three.

Other abnormalities

of the initial ventricular defle~tions include large Q waves (16% of
the series of Gager - most were large Q3) frequent minor notching and
slurring of QRS (48% of the series of Nathanson) and bundle-branch
block (10% of the series of

~athanson.)

Also frequently occurring

are arrhythmias, of which the most conunon are extra-systoles and
auricular fibrillation, low voltage, left axis deviation and prolonged atrioventricular conduction time.
rather rare accompaniment.

Complete heart block is a

Gager (60) noted the association of a

low erect T wave, :an erect T3 wave, and a definite 82 wave in a
group of patients of whom four showed no left axis deviation.
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The preoordial leads have been found to be extremely valuable in the diagnosis of sclerosis, often showing changes when none
exist in the limb leads.

Patients with coronary sclerosis having

olinioal evidence of myocardial incompetence showed more abnormal•
ities in lead 4 than patients without.

The major types of deflec-

tions in the preoordial leads may be listed as followsi
QRS Configurations.
1.

Negative QRS4 type - (42% of the aeries of Bohning
and Katz (19). In this type the QRS complex is mainly or entirely negative. R is usually present but
very small. The T wave is usually positive and normal
but sometimes is diphasio and occasionally over 10 mm.

2.

Positive QRS4 type - (8% of the series of Behning and
Katz (19). Here the QRS4 complex is nainly or entirely positive. In about 60% of the times it is diphasio
with· a large R U and W forms are oocas·ionally seen. T
is usually normal but may be negative o:ii' diphasic.

Neither of the above two types are constantly associated
with one of the QT types described in standard leads.
uncomplicated infarction).

(Section on

The ST segment is usually within hormal

limits.
T Wave Configurations.

,

1.

Negative or'Diphasio T4 - (25% of the series of Bohning and Katz (19). When of a diphaaio character the
first wave is usually positive. The QRS is usually.
diphasic and not abnormal, but a few show negative
QRS4 types and rarely a positive QRS4 is found. The
RS-T segment is usually within normal limits bu~ a ft!W
show deviations either positive or negative.

2.

Strongly Postive T4 - (7% of the seriescof Bohning
and Katz (19). This variety of T wave is usually assooiated with the negati'Te C!lRS4 complex. ST is always
positive. but in only a f"' oases is it outside of
normal limits. When QRS4 is diphe.sio. it is occasionally large or unusually small or the mirror image of the
normal so that the first phase is negative and followed
by a positive phase of equal magnitude.
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One can not help but realize here that a differential
diagnosis from certain phases of the recovery process in acute intarction can be made electrocardiographically only with serial tracings.

Once the alteration in the ST segment disappears and only the

alteration in T remains, it beoomes diffioult to tell from a single
reoord whether the traoing shows:
1. An early state of reoovery after infarction in which
T is waJring.
2.

A late stage of reoovery in which T is waning.

3.

A ohronio coronary insufficiency without infarotion.

4.

An old infarction.

The clinical history will of oourse help to differentiate
between 3 and 4 while the electrocardiograph will differentiate between 1 and 2 and will also separate 1 and 2 from 3 and 4.

TRANSITORY ACUTE CORONARY INSUFFICIENCY.
Transitory acute coronary insufficiency may occur in the
presence of other coronary disease as a result of various causes such
as exoessiYe effort and emotional orises.

It may also appear in very

rapid or irregular heart aotion, infarction of the kidneys, spleen
or lungs, during congestive heart failure, or as a result of syphilitic
involvement at the mouth of the coronaries.

The transitory insuffi-

ciency does not result in permanent damage to the myooardiua but
oauaes temporary eleotrooardiographio deformity which may last a few
minutes to several hours, after which there is a return to the preexisting oontour.

Attacks au.oh as these may be accompanied by de-

finite anginal pain or by only vague symptoms similar to those whioh
may ooour with paroxysmal cardiac

dyspnea~

The changes in the elec-
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trooardiogram are brought about by alterations in the condition of
the ooronary blood supply

~hioh

make it inadequate for the work the

heart is doing, either because the former declines suddenly or the
latter increases abruptly (19).
The first aeries of records taken during anginal attacks
were those reported by Siegel and Feil in i928 (150).

Control re-

cords were taken prior to the attacks which were compared to records
taken at the height of the pain.

The wost marked

the ST segment which was consistently
1 and 2.

depres~ed,

~hanges

were in

most often in leads

The T wave changes were less consistent, T sometimes chang-

ing from the inverted· to the· diphasic form, in other instances showing definite alterations in amplitude.

R usually remained constant,

but on one ocoasion showed a definite diminution in amplitude in
lead 2.

The PR and QS intervals remained normal.

showed no changes at all

duri~

One atypical case

the pain while another shmred defi-

nite diminution ot the amplitude of the previously inverted Tl and
T2 after the pain had subsided but not during the attack itself.
They concluded that, "Changes in the ST portion ot the electrooe.rdiogram of patients studied

~robably

represents transient vascular changes

in the heart muscle."•
Bousfield (22) reported a case of aortic. insufficiency
•

The authors made an interesting study of other factors that
might have altered the contour of the ST segment.
1. Vagal tone - (Carotid sinus pressure) T3 inversion inoreas.ed from 3 - 5 mm. Rate slowed. No other changes.
2. Cold water - Pressure - Pain - Caused no changes in the
PR int., duration of R or QRS, or in the T waves.
3. Respiration - Changed height of the initial vent,Ticular
deflection but caused no change in ST or. T.
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which exhibited a transient bundle-branch block during the period
of pain which completely disappeared following the attack.

He de-

cided that the most striking eleotrocardiographic changes occur in
patients with anginal attacks where there is evidence of some myocardial involvement in the control tracing (22).
Cowan and Ritchie (34) reported similar changes in the T
contour with additional evidence of prolongation or the QS interval
and alteration of the ventricular preponderance.

With cessation or

the attacks all of their records returned to the normal.
Levine et al. (96) made exhaustive studies of patients
in whom the ang1nal attack was produced by injections of epinephrine.
They found all of their records taken during the attack showing
changes in the "normal" direction (i. e. the same type or change as
in the controls, differing from the latter in the degree but not in
the direction of the change.)
Wood and Wolferth (198) published an extensive study of ·
anginal patients, in some or whom the attacks were spontaneous, and.
in others in which they· were induced.

Controls were run to rule out

changes due to exercise alone and to alterations in the blood pressure and pulse rate.

By

this means, they discovered that over half

of the changes seen such as the development or a transient right
axis deviation and the tendency toward an increased positivity of
the T wave, whether negative or upright in the controls, were due
to exercise.

other changes which were "speoif'ioally" ascribed to

the attack includedt
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1.

Tendency toward T :wave negativity. Definite coronary T3 appeared in some of' these oases.

2.

Depression of the ST se·gments usually in lead 1
alone or in leads 2 and 3 in combination.

Alterations of the ventricular complexes were most marked
when the pain was at its height and usually disappeared a minute or
two after the pain had subsided.

In a f'ew oases, the most markGd

changes were noted after the pain had ceased.

Since the same per-

oentage of' the patients with mild attacks (50%) showed changes as
did those with severe attacks, they concluded that the intensity of
the pain did not bear a definite relationship to the changes, a

0C11-

clusion born out by the later observations of' Katz and Landt (86).
In coilmenting on the epinephrine inductions of Levine cited above,
they conclude, "Epinephrine may dilate the coronary vessels and
thereby mask the true nature of' the eleotrooardiographio changes
due to the angina pectoris itself."
Considerable additional information on this problem was
contributed by Katz and Landt (86) who suggested a series of' stand•
ardized exercises• with which to induce anginal attacks in susceptible individuals for

el~otrooardiographio

study.

Their observations

ware made using chest leads as w_ell as the standard deriviations.
In the standard leads, they noted axis shift to the right in a f'ew
instances, changes in the T waves which usually occurred in the
•

The exercise consisted of raising a three pound dumbell in
each hand by extending the arms f'ull7 at right angles to the
trunk a total of' 60 times in three minutes. The attacks induced in this manner were mild and resembled the apontaneous
Tariety since the effort expenditure is limited due to the
development of' fatigue in the al'lll8. Exercise was stopped .
in any case where generalized fatigue, dyspnea, oyanosis, or
anginal pain appeared before the three minutes were up.

r
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opposite direction to the major deflections of the QRS complex,
and depression of the ST segment, although on one or two occasions
when the liajor deflection of QRS was negative in a given derivaticn,
ST was elevated in this lead.

Changes in lead 4 included dowmrard

"angular" deviation of the ST segment making the angle between the
ST and the ascending limb of T more acute, and increased positivity
of the T waves.

In a few instances, the ST segment was depressed.

Twenty-five percent of their series showed no eleotrooardiographio
changes during the attack and in only 12% were abnormal changes
limited to the fourth lead.
That the electrocardiograph may be of definite prognostic
value in angina is suggested by Collins (32) who found that the highest mortality occurred in that group of patients who showed inverted
T waves, signs of intraventricular or atrioventricular block, or low
voltage during the attack.

'Moreover, Wood and Wolt'erth (198) found

that all of their patients showing "specific" changes during an at. tack died within a relatively short time.
Thus we may conclude that the changes taking place during
acute coronary insufficiency are morphologically similar to those
seen in ot·her types of coronary disease differing primarily only in
duration, being relatiyely transient.•

It is of considerable im -

portanoe in evaluating these tracings to rule out abnormalities present in the control tracings, since in many oases, an acute coronary

*

Blumgart et. al. (17) have shown by experimental work that
temporary cardiac isohemia may result in lasting eleotrooardiographic changes in the absence of any disoernable histologic evidence of Jl\VOoardial necrosis.

,

I
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I

insufficiency is superimposed upon a chronic milder coronary insufficiency, which in itself will produce electrocardiographio alterations and thus serve to confuse the picture.

In addition to

this, the changes due to exercise or drug administration, when
either of these two methods are used to

induc~

the attack, must be

carefully evaluated before those abnormalities which appear on the
tracing during the attack of pain can definitely be said to be solely the result of the angina pectoris.

SUDDEN FATAL CORONARY INSUFFICIENCY.
This condition may justifiably be dismissed here without
further discussion since it is the general rule for these oases to
terminate fatally in ventricular fibrillation (199, 43, 110) before
suffioient time has elapsed in which recourse to eleotroce.rdiographio
analysis can be made.

The experimental work of Blumgart et al. (17)

lead these investigat_ors to conclude that the ooourrenoe of ventrioular fibrillation in cardiac infarction and in other conditions in
which the heart is irreparably damaged may be due to the presence of
.zones of impaired nutrition in proximity to areas of complete isohemia.
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DIFFERENTIA.t, DT.AGNOSIS

Ever aince the electrocardiogram was first used in the
diagnosis of coronary artery disease investigators have been aware
of the fact that no single finding or group of findings could be.
considered absolutely pathognomonic, but rather that it is the progressive serial changes viewed as a whole that makes the characteristic picture of coronary involvement.

For this reason. it was re-

cognized early that tracings taken during the course of many other
disease entities will closely simulate a singhl coronary record in
one or more of its more characteristic features.

A study of these

interfering factors is most easily made by taking up again individually the various abnormalities encountered in coronary artery
disease and discussing the other pathological conditions which may
produce them.

A.

The Simple Inverted T Wave.
Simple inversion of the T wave in one or more leads ·such.

as is observed often in various types of coronary insufficiency is
also encountered in many other conditions among which have been
listed:
1.

Experimentally cooling the apex of the he art - d.ela,ys

or prolongs the activity at the ape.x so that the record of the final
activity at the base is interfered with (119, 183)
2.

Hypertension - especially when associated with left

ventricular preponderance. (112) (See discussion at end of
section)

thi~
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3.

Valvular disease. (112)

4.

Following severe diphtheria. (112)

5.

Myxedema. (74, 112)

6.

Factors causing left ventricular strain - resulting

in T wave inversion in leads 1 and 2 as: (179)
a.
b.
o.
7.

Hypertension.
Aortic stenosis.
Aortic insufficiency.

Digitalis - This is a common oause tor an inverted or

diphasio T wave that often causes confusion when the history is inoomplete. (112, 74)
8.

Vagus stimulation. (112)

9.

Pneumonia and other toxic states. (74)

10. Uremia. (74, 158)
11~

Factors oau,sing a change in position of the heart as:
a. aigh diaphragm. (74)
b. ·Pregnanoy.

12.

Various factors oausing right Tentricular strain (179)

Leads 2 and 3.
a. Arteriosclerosis of the pulmonary artery.
b •. Marked pulmonary·emphysema or fibrosis.
c. Pure mitral stenosis.
13.

Pe~ioarditis (158)

14.

Rheumatic oarditis. (158)

15.

Certain rare unexplained diseases. (158)

Nathanson suma up the situation as follows, " In the absence of enlargement and congestive heart ,failure T wave inversion
is praotically pathognomonio of oorone.ry solerosis."
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B.

The Coronary T Wave
The appearanoe ot this type of wave in oonditions other

than ooronary disease is even more confusing that is the presenoe
of the simple inverted T wave.
1.

It has been found in:

Valvular lesions ot endooardit18 (130) both
a.
b.

Rheumatic, and
Syphilitic.

Berman and :Mason (14) reported that most of their syphilitic
patients suffered 'trom anginal attacks while Pardee (119) stated that
his were tree from pain.

Both believe that involvement of the mouths

of the coronaries figured in the development ot the abnormal wave.
2.

Diabetes with vascular degeneration. - In these cases

damage ot the lett ventricular muscleor the left ooronary artery
by an inflammatory pr-ooess or by an infarotion following embolism

might e.asily have occurred. (14)
3.

Fulminating purpura hemorrhagioa - This oondition may

have been oomplioated by hemorrhage into the ll\Y'Ooardium or epioardium.
(14)
4.

Pernicious anemia. (14)

5.

The dying human heart. (14)

6.

Various other toxio conditions effecting the ll\Y'OCardium.•
a.
b.

7.
under~aeotion

Influenza. (130)
Diphtheria. (130)

-

Rheumatic perioarditis and myooarditis. (125, 151) (see
on RT ohanges for oomplete discussion ot ohanges during

the rheumatic process.)

Porte and Pardee stress the nupward con-

vexity" of the T wave, a factor which they say is not mentioned by

*

J. B. Herrick commenting on Berman and Mason. (14)

-41-

Rothschild, Sacs, and Libman, Cohn, and Swift and. others.
8.

Pericardial effusion. (144, 7, 123)

(see section on

RT changes for complete discussion of this condition)
9.

Certain drug poisonings.
a.
b.
o.

Digitalis. (38)
Quinidine. (130)
Em.etine.

10.

~pertrophied

11.

Normal hearts in various abnormal positions. (130)

athletic hearts. (130)

While these conditions are quite numerous and would seem
to be a basis for considerable confusion, they may usually be rather
easily· eliminated by careful history, ptJrsical examination, and laboratory work.

~erial

tracings will be of course of unquestioned

benefit in arriving at a diagnosis.
C

RS-T Deviations.
Probably the most characteristic feature of an acute cor-

onary occlusion is the spectacular deviation from the isoelectric
of the.RT or ST segment.

At first thought to be pathognomonic, it

is now recognized that this abnormality may occur in various other
situations.
1.

Among the most important of these are:
Rhewnatic carditis - Cohn and Swift (31) observed

oases of rheumatic fever in which there was an interruption of the
down stroke of R and the beginning of a wave complex occupying the
whole of the RT period.

.

This abnormality persisted for several days

and then returned to the normal.
1 and 3 of different subjects.

It was found present in both leads
Because this type of curve so closely

resembled that of coronary occlusion, they concluded that the form
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is not characteristic of the nature of the injury but is the result
of an;y injury involving the heart muscle.

They considered the con•

tour of the curve an indication of the disturbance of certain functions of the muscle and perhaps dependent upon the site in the heart
wall at which the injury takes place.

Due to its transient oharaoter,

they believe that the Aschoff bodies and isohemic areas consequent
upon blood vessel involvement probably underlie the electrical disturbance to which the injured muscle gives rise.

In many of their

patients, they found prolonged isoelectric periods (PR interval),
and in others upward, downward, or biphasic slopes of' the RS-T segment.

The alterations were, in mauy,cases, "prolonged to affect the

beginning of the T wave."
Parkinson and Bedford (122) also noticed ooronary-like
RS-T deviations and stated that they thought it was reasonable to
suppose that these were due to a severe nwocardial lesion.
(152) observed frequent changes

o~curring

Sigler

in the tracings of oases

of rheumatic m;yocarditis corresponding to the clearing up and involvement of new areas of heart muscle from time to time.
Despite the marked similarity of the tracings, rheumatic
carditis may be easily excluded on the basis of the history and the
age of the individual involved.

In addition to this, it has

be~n

noted
. (Levine 95) that in rheumatic carditis the T does not arise
from as high or as low a point on the R-S wave as is found iu coronary thrombosis.

Since this point is one only of degree, it is

doubt.f'ul whether it will have much value in differential diagnosis.
· 2.

Digitalis - The fact that this drug may produce alter-
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ations·inthe RS-T segment has been cited by many investigators
(122, 173, 20).

Willcox and Loviband ( 173) state that the deviation

produced may be in either direotion, while Parkinson and Bedford
'

(122) maintain that it is always negative, that it is never of op-

posite sign in leads 1 and 3, and that while the segment may be de•
pressed, its origin is always isoelectric.

If this is true., a typi-

cal "high takeoff" R~-T segment must always po~nt toward the possibility of coronary disease even in the presence of a history of
digitalis medication.
3.

Hemopericardium - In the case cited by Scott et al.

(144), the hemopericardium followed the rupture of an aortic aneurysm.
There was no evidence of myocardial involvement at autopsy, and it
was concluded· that the changes were due to the increased pericardial
pressure which, by decreasing the blood supply to the heart muscle
caused anoxemia which was itself responsible for the changes in.the
In. the case reported by Eliot and Evans (47),

electrocardiogram.

the etiology was the same, the tracing suggeating a ty-pe- T3

of~

aMo-

nary record, with an elevated RT in leads 2 and 3.
4.

Pneumonia. (47) (95)

5.

Urem.ia. (47) (95)

6.

Purulent Pericarditis - (144, 128, 7, 20)

In the

tracing of the case published by Purks (128), there was an elevated
RT in leads 1

a~d

2 with an inverted T, "Which might well be classed

as a coronary wave."

This was accompanied by a moderate left axis

deviation and a slurring of the QRS in:' lead 3.
case, the author stated, "It is

~rue

In discussing this

tbat with atiy' case of pneumo-

I

-44-

I

,/

ooocic

per~itis

there is an involvement of the UW"ocardium for a

depth of one or two millimeters, and thus we might explain the changes
on this basis.

-

It is also possible that partial annoxemia resulting

from increased intrapericardial pressure played a part in producing
the changes."
In 1934,

Ba~nes

(7) described the alectrocardiographic

changes which occur in patients in which actual occlusion is complioated by pericarditis.

In the early stages, there is an eleva-

tion or upward rounding of the RS-T segments in all leads, which may
be followed by inversion of the T waves.· In soma instances, it is
followed by the development of a T pattern, "that can definitely be
classified as a late relic of coronary occlusion."

In the stage

where the RS-T segment is elevated in all leads, ·he reported finding in some oases a typically developed Q pattern which he considered,
"not only·indioated infarction but also pointed to the location of
the infarct."

All of his tracings were of the "anterior" variety,

the author.being somewhat uncertain as to the possibility of posterior basal infarction of the left ventricle complicated by pericarditis producing the same picture.

In concluding. he stated, "I

am inclined
to believe that the injury which the superficial layers
.
of the myocardium sustain in the pericardial reaction accounts for
the peculiar electrocardiographic changes, an interpretation supported by experimental evidence."

(144, 10, 56)

7.

Application of pitressin to the heart. (70)

8.

Intravenous injections of pitr.eaain. (70)

Gruber and Kountz aonolude that in both types of pitressin
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r
j

administration. the lett posterior circumflex artery took part
in the general vasoconstriotion thus causing the change.
9.

Stab Wounds·ot the Heart.

(so.

12. 189) The reason

for the torm of the tracing in these oases may be attributed to the
acute and serious injury of a large part of the ventrivular wall
(as in the record of Wilson et al, (189) or to the fact that branches
of the coronary artery may be occluded by suture in the process of
repair (as in the case of Bates and Talley (12). A return to normal
in these tracings occurs sooner than in those of typical ooronal'.Y
occlusion with similar pictures, possibly because of the fact that
they occurred in much younger individuals whose l!JiY'OOardiumwas in a
relatively superior state prior to the accident.
10.

Hypertension. (193, 168, 167) (For a complete discus-

sion of the differential problems in '.lvpertension see the end of
I

this

se~tion.)

11.

Congestive heart failure. (193)

12.

Dissecting aneury111l of the aorta. (193, 103)
With rupture into pericardium or pleura. (115)

13.

Hyper-parathyroidism. (193)

14.

Changes in the blood sugar level found in
a.
b.
o.

Diabetic oome. (49)
Insulin shock. (47)
Abrupt but less serious changes in the
blood sugar level associated with improper
.treatment. (157)

In diabetes the storage and/or utlization of glycogen is
interfered with.

Following excessive doses ot insulin, the

ener~

production of the heart muscle is handicapped because of the too
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rapid lowering of the blood sugar and the depletion of the supply.
In addition to the RS-T segment variations, there was noted (47)
deoreased amplitude and increased slurring of the QRS and a tendenoy
tor the ST and T wave to shitt in a direotion opposite to that of
the major initial oomplex.

Siegel (149) bas shown that if the pro-

duotion of laotio aoid from its preouraers (sugar and glyoogen) is
interferred with (as in diabetes) the T wave becomes flattened.
15.

Air embolism. (39)

16.

Experimantal Epinephrine injeotions - Douglas et al.

noted that suitable doses of this drug oan produoe a marked displaoement of the ST segment in t·he eleotrooardiogram of the oat.

The

deviation oan be either above or below the isoeleotrio level.

It

oan be so marked that the ~monopha.sio" tYpe of curve results.

The

obangea produced by epinephrine oan be abolished by nitroglyoerin1,
and are probably the result of coronary spasm.
17.

Rupture of the heart. (28)

18.

Gumm.a of the heart. (129)

19.

Bon-penetrating thoraoio trauma. (20)

20.

Certain oases of oongenital heart disease.

{Tracings

from the eleotrooardiographio department of the University ot
Nebrask& College of Medicine.)
21.

Pulmonary. lnfarotion - The faot that the symptoms

in this oondition often resemble those of ooronary ooolusion makes
simi.larity of the eleotrooardiographio traoinga a moat unfortunate
situation.

Love and Brugler (103) report several oases whioh close-

ly resemble the T3 type of coronary infarction.

XoGinn and White

r
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(108) and Barnes (9) differentiate the two conditions eleotrooardiographically as followss
a.

Sl is rather constantly present in pulmonary intarotion and apt to be wide, whereas it is usually absent
in coronary thrombosis.
·

b.

ST2 is usually not elevated and co111DOnly depressed in
pulmonary "ini'ar.otion, and usually elevated and never
depressed in the T3 type of infarction.

o.

T2 is low, diphasio, or slightly inverted in 1'811g
embolism., while it is definitely inverted in thrombosis.

4.

TS is usually inverted in both conditions, therefore
of little aid in the differential diagnosis.

e.

Tbs preoordial leads show a negative T wave in embolism
of the lung lfhereas they are usually upright in the T3
type ot coronary curve.

t.

Curves ot pulmonary infarction show a tendency toward
right axis deviation.

That many authors are not in aooordance with the above stipu. lations is foUnd in the tact that only 14" of the cases reported by
Love and Brugler (103) and 33" of the oases oited by Scherf and Schonbrunner (143) oonf'orm.

Love and Brugler believe that there is no

e_leotrooardiographio pattern typiof.l ot pulmonary inf'arotion and
furthermore, "That the eleotrooardiogram is not decisive at the present time in differentiating lung infarction trom coronary thrombosis".

A part of the factors responsible for the change in the

eleotrooardiograph in pulmonary infarction ariae'trom anoxemia of
the heart muaole due to reflex changes in the coronary system. but
one must not loee site of the f'aot that the

pr•~t%isting

state of

the coronary arteries is also a factor to be taken into consideration.
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Thus we see that acute changes in the RT and ST segments
are usually associated with either
A~

Sudden disturbances in the metabolism of the heart

medicated through ohange1 of certain con1tituent of the blood, or

B. With sudden partial or total deprivation of the
blood supply to a portion of the nwooardium. (47)
While the number of conditions ment1.oned above in which
the aoute ohangee of coronary occlusion may be simulated is rather
large, relatively few will oause serious differential problems from
a olinioal standpoint.

D.

Large Q Waves.
The following conditions have been oited as trequtntly

exhibiting Q waTee which correspond to the criteria of Pardee' {121),
. Durant ( 43) and other a.

1. ActiTe rheumatio 11\YOOardial dieease (121) due to a
disproporti?uate damage to the left ventricular musole.
2.

Hypertension and cardiac arrythmias (121).

Usually

show a complicating coronary arteriosclerosis affecting the 1111'0oardium of the left ventricle, with a large Q3 as the sole manifestation.
3.

Normal Hearts - Accounted for on the basis of:
a.
b.

o.
d.
4.

Incorrect diagnosis. (121)
Peculiar Tariations in the branching of the
A-V bundle. (121)
High diaphragm as in expiration, pregnancy
eto. (53)
Infants. (146)

Faotor1 producing ·right axis deTiation as

r
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a.
b.

Advanoed rheumatio diaeaae.
Congenital pulmonio atenoais.

In these cases the relatively greater right ventricular
. :tJn>ertropby causes a displaoem.ent of the septum. and adjaoent interior portions upward and to the left. and the heart often rotatea
along its long axis so that the left ventricle lies more posteriorly with the right ventriole forming almost the entire oardiao surfaoe.

The rotation and displaoement of the adjoining apioal re-

gtone:· upward and to the left thus approximately oorresponds to the
direotion of the early eleotrioal axis oaloulated from the initial
positive defleotion in lead one and the negative defleotion in lead
three whioh alwa7s appear in this type of traoing.

Henoe the large

Q3 may be due to oonsiderable septal displaoement, and therefore
does not neoeaearil.7 indioate any aberration in ventrioular e:x:oitation suoh as ooours in l!W'Ooardial infarotion.
5.

Severe hemorrhage from. duodenal uloer. (66)

6.

Poat-intluenzal asthenia. (66)

Goldbloom and Kramer explain both of the above two oa8e8
on the basis that most aoute infeotiona oause temporary disturbaD>e
in the arterioles and oapillaries, and that in this manner temporary
myocardial dyetunotion of aufficient degree to produce a deep Q3 wave
might have been produced.
7. Hyperthyroidism.. (66) (43)
8 •. Arteriosclerotio heart disease plus congestive failure .•

(43)

Thus we see that a large Q wave, the aingle most oharacterietio indioation ot an old healed l!W'OOardial infarction. may oo our
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iu a variety of other oonditions relatively easily differentiated
.

-

on the basis of history and olinioal examination.
B

lnor~ase~

Voltage of the T Wave.

EleYation of the T wave in one or more leads is commonly
found in the following conditions.
1.

Pneumonia. (18)

2.

Rheumatic heart disease. (18)

3.

Thyroto.xiooaia. (78)

The type of elevation present here is usually easily ditter•ntiated from the oharaoteristic upright "coronary T" wave, eince
it differs markedly in the oontour of both the T wave and
segment.

~.he

ST

This variety baa no rounded sJ:ioulders, its two limbs are

not symmetrical, the desoent being muoh steeper than the asoent, and
the transition or its descent with the horizontal is muoh more abrupt than that of its rise.

There is no "hump" in the ST segment.

It these faotora are kept in mind this variation should present little
diagnostic difficulty.
F Ventrioular Fibrillation.
In addition to sudden aoute coronary oloaure, the following oonditions are prone to result in fibrillation of the ventrioleaa
l.

Early stage of chloroform anesthesia. (17)

2.

Aoute benzol poisoning. (17)

-3.

lleotrio shook with low voltage. (17)

4.

Following intravenous adrenalin. (17)

5.

As a termination in paroxysmal ventricular taohyoardia. (17)

The general condition of the heart in these conditions differs
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essentially tro111 that in coronary thrombosis in that structural
damage is not obaracteristioally present.

Because the termination

ot ventricular fibrillation is fatal, its appearance in el•otro-·
oardiographio records is a rare ooourrence.
G Precordial Lead Changes
Although to date thq have been subject to less exhaustive
studies, it bas been recognised by many investigators that the ooronary changes characteristically fow:id in this

der~vation

may be

encountered in a variety of other conditions •

.

Absent R4 has been recorded in
1.

Chronic glo-merulonephritis. (107)

2.

Aoute glomerulonephritis. "(107)

3.

Rheumatic and syphilitic valvular disease. (107)

4.

Pneumothorax. (107)

5.

Thyrotoxicosis. (107)

6.

Acute m;rooarditis. (107)

7.

Bundle-branch block. (58) (197)

8.

Circulatory failure as a result of
ot the snallest pulmonary vessels.

In the last condition:

anoxemi~

thrombo-angit~s

was probably the real cause.

In none of the above was there any evidence of myocardial infarction.
Negative T4 has been found in
1.

Essential hypertension. (166) (See. end of section for
complete discussion ot hypertension)

2.

Chronic nephritis. (166)

3.

Circulatory failure as a result of thrombo-angitia
ot the sma~lest pulmonary vessels. (65)
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4.

Healt~

5.

Digitalis. (173) · In oases where a complete reversal
does not take place a simple flattening may occur.

6.

Heating or cooling the surface of the chest above
the cardiac apex may cause inversion. (166)

ohildren. (166)

Deviation 01' the RS-T segment has been described in.

1. Acute rheumatic myocarditis. (197)
2.

Bundle-branch block. (197)

3.

Digitalis - T~e doee required to produce· the change
is smaller in older than in younger persona. (197)

4.

Circulatory failure as a result of throtnbo-angitis
of the smallest pulmonary vessels. (65)

A complete picture more or leH resembling that found m
the anterior type of infarction has been described in

1.

Diabetes. (166)

2.

Syphilis. (166)

A posterior infarction picture has been reportedly found
present in a single case of
1.

Rheumatio tl\Y'Ooarditis.

Thus we see that the list of condition• producing coronarylike changes in the preoordial leada i1 quite similar to that cited
for the standard derivations.

Here again, the history and clinical

findings, when used in conjunction with the electrocardiogram, should
•k• it possible to eliminate easily most of the brMrlerti&g,·t'aotors.
Probably the most contusing probie• in

theoanilyiis,~or~·.a

tracing of suspected coronary disease ia the proper e'ftluation
changes which may be produced by tvJ>ertension.

~

This beco•s in-

the

oreasiugly ditfioult when on• realizee the number of oases in
whioh high blood pressure readings will occur in the arterioaolerotio type ot ooronary artery disease.

In 1937, Strong and Caver-

hill (164) pointed out that the type ot traoing described by Rykert
and Roberta (138) is more likely due to 1'JIV'OOardial damage, iaohemia
and fibrosis resulting from ooronary sclerosis rather than being an
expreeaion ot a strain produced by an elevated blood pressure.
!he syndro• is as followss
a.

Negative "coronary"
Tl. "Being shouldered and
having a sharp apex angle".

b.

Reverse appearanoe of T3 - positive with increased
amplitude.

o.

T2 may be positive, diphasic, or negative.
negative it resembles Tl in contour.·

d.

QRS changes - RT segment is depressed in lead 1
and elevated in lead 3.

e.

Abnormal degrees of left axis deviation.

When

Bruenn (23) in 0011111Utnting on the above also agreed that
the T wave obangea, eepeoially when associated With arrythmias and
oouduotion deteota were probaily evidenoe ot ooronary solerosis.
Van Nieuwehuisen and Hartog (167) further went on to show
that there is often an absenoe of left axis deviation in hypertension
whioh has brought about a heart dilatation and that this is due to
factors whioh oonceal the left axis deviation in these oases as .
a.

Coronary effects (Pardee Q, K or W shaped ventrioular complexes, "saddle-shaped" ST curves and,
in the preoordial leads, a tall R with a low S
and a horizontal ST segment instead of a deviation
trom the isoeleotrio.

b.

Changes in the position of the heart.

r
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c •. Notches distorting the ventricular complexes.
d.

By the tendency toward right axis deviation in
mitral defects.

e.

Age - a deep Q wave being normal in youth.

They describe the picture of pure hypertension not due
to aortic· regurgitation, which will be considered later, as follows•
a.

Left axis deviation along, ·or.

b.

Lett axia with a negative Tl and a positive T3
found usually in the oaaes with myocardial damage. or

c.· Left axis deviation with negative Tl, poaitive T3,
a convex STl interval and a oonoave ST.3 interval.
In such oases the heart usually ahows pronounced
dilatation.
d.

The abHnce of left axis deviation as a consequence of the factors mentioned above.

e.

Lead 4 - usually shows diphasic P, R shallow or
absent, a· normally wide ventricular complex, S
rather deep, and T wave positive and of normal
shape but usually of low voltage. There are usually no notchei in the QRS complex.

The electrocardiogram of thrombosis of the left; coronary
artery followed by an anterior infarct which in lead 1 sometimes
causes a convex, high takeoff of the RT segment with the T wave
cre«!ping into it (Smith, Pardee} changes in the course of time into
a type in which the RT starts at the isoelectric level and continues

'

after a rather long isoelectric course into a negative T wave which
is comparatively narrow and shallow itself. (167)

Suoh a tracing

may.resemble, at this stage, the ~ertensive ·curve described above
with the negative T wave in lead 1, but ~y be ditfere~tiated on the
following points even in the presence of convex tiff aagmenbs in bath
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oases.

a. In

~ertension. R after Tl has become negative
is usually·high (exceeding 12 mm.) while in the
eleotrocardiogram of ooronary thrombosis Rl is low.

b.

In the preoordial leads the ditterenoe is marked.
The typioal pioture of anterior infarotion is
usually oharacteriatio enough to cause little
diffioulty in most cases. but it is possible that
in certain cases of b,tpertension complicated by
aortio regurgitation the eleotrooardiogram of the
preoordial leads may resemble that found in anterior infarction. In both oases. the R wave ia
small or absent and the S wave deep. In the coronary tracing, however. the ST segment usually
has its origin far above the isoeleotrio line.
and it is unusual to find a negative T wave of
the type that usually accompanies anterior infarotion in oasea of aortic regurgitation. In
addition, the ventricular complex of lead 4 in
the infarction oases uauaily showa a notch (the
aize of which depends upon the location of the
electrode) while this feature is frequently absent in regurgitation. The ascending S! aegment
is invariably straight in ooronary thrombosis although may appear oonvex, as is usually the case
in aortic regurgitation.

Because of the marked siailarity of theae two typ·es of
curves. however. the question arises especially in the oase of lue.tio
regurgitation, as to whether or not the coronary

oirculati~n

has not

been affected in addition due to syphilitic involvement of t.he intima.
In }\ypertension complicated by coronary solerosis we find
in the precordial leads a large R followed by a comparatively low
~ltage

S wave, with an ST intetval'whioh is iaoeleotric in ita

first portion.and followed by a T wave
high voltage

inste~d

~hioh

is positive and of

-of the slllL.11 R and deep S whioh are oommonly

present in the unoomplioated oases ot }\ypertension. (167)
Thus it.is evident that b,y detail•d analysis the changes
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due to 1:v'p•rtenaion may be recognized and evaluated even when they
occur in conjunction with alteration• due to involvement of the
coronary· circulation.
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I
i

CASE REPORT

Sinoe the method of taking preoordial leads has only recently beoome standardized, it •as thought that it might be of value
to include a report of a recent· case at the University Hospital in
which a complete set of the multiple leads was taken aooording to
recommendation (202, 203).

In each case the electrode on the left

leg was paired with an exploratory electrode• placed at the following locationss
CFl - At the right margin of the sternum in the 4th interspace.
CF2 - At the left margin of the sternum in the 4th interspace.
CF3 - Midway between CF2 and CF4.
CF4 - At the point of intersection of the midolavicular
·line with the 5th interspace.
CF5 - At the level of CF4 in the anterior axillary line.
CF6 - At the level of CF4 in the mid axillary line.
In each case the galvonometer oonnections were made in
such a way that the relative positivity of the precordial electrode
is represented in the finished curve by an upward deflection and relatively negativity of this electrode by a downward deflection.••

*
**

German Silver - One inch in diameter.
To make the galvanometer connections in this manner it is necessary to oonnect the left-hand wire to the left leg electrode and
the left-leg wire to the precordial electrode if the lead switch
is set on lead 3. The only exception to this mode of applioation is in the taking of lead CFl where the left leg wire must
be connected to the left leg and the left-arm wire to the precordial electrode in order to obtain upright T and P waves as
recommended by the standardising committee. As the necessity
for this reversal was not mentioned in the recommendations, I
wish to emphasize here that the wire connections used in taking
lead CFl are reversed from those employed in obtaining the rest
of the CF series.
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The normals for these leads as found by the examination
of a limited number of records in this department are as

follows~

CFl - The P wave is usually upright but of low voltage.
The QRS defleotion is mainly upright, a small Q wave
being followed by a large R. $ is not present. The
ST inter'val is normally isoeleotrio and followed by
a T wave whioh is upright and of moderate voltage.
CF2 - The P is of low voltage - may be positive, dipbasio
or negative. QRS is diphasio with an initial R wave
followed by a relatively deep s. The ST takeoff may
be slightly elevated normally, and the T wave which
is strongly positive begins abrup~ly without the
usual isoeleotrio period.
CF3 - Essentially similar to lead CF2 except that R is relatively larger in proportion to S than in the preceeding desoription.
CF4 - As the exploratory electrode is moved to the left
aoroaa the chest, there is an inoreasing tendency
· for R to become larger and S smaller, but considerable variation may oocur without the traoing being
oonsidered abnormal. R must show a minimum defleotion of 2 mm., and when the major oom.ponent of the
QRS deflection in this lead is upward, the minimum
dowmirard deflection allowable is 1 mm. It is never
normal for QRS to be monopbasio. The ST takeoff
may be displaoed upward a ;.,maximum disilanoe of 2 mm.
T is upright and of high voltage but rarely exoeeding 10 mm. which is the upper limit of normal.
CFS - All the oomplexes are of relatively lower voltage
than in the preceeding leads. R usually exoeeds S
in height. The ST takeoff is commonly isoelectrio
but may be slightly el9'Yated. T shows takeoff similar to above.
CF6 - S is normally quite small. All deflections show relatively lower voltages than in the other leads.
Frequent notching is 001111110n in all the leads, M and W complexes occurring often.

:Normally no Q is present in leads CF·2-6,

but oocasionally it may appear.
signifioant.

When present, it is small and in-

T differs from its appearance in the standard leads,
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taking off abr1:1ptly from the return stroke of S, being quite sharply
peaked, and exhibit·ing J'ielatively high voltage.
exceeding 2.5 llllll.)

P is small (never

Throughout and inclined to be quite variable al-

though it is 'oommonly positive.
History and Coµrse of the Patient in the Hospital.
Mr. J •. E., a white. married laborer, age 69, entered the

University Hospital for the second time 11/5 for the removal of a
cataract.

On 11/6 abo~t 7.00 P. M.,, while lying quietly in bed,

he was suddenly seized

w~th

a severe pain in the substernal region

which he descrd.bed as a ·a knife-like thrust" in his chest.

This

was followed by a "feeling of tightnesa• over the heart while the
pain spread for a considerable distance down the inside of the left
arm.
~ile.

He immediately became nauseated and vomited a small amount of
He felt very weak, appeared cyanotic, and had some difficulty

in getting his breath.

Examination at this time showed a pulse of

60 which was completely irregular.

The heart sounds were reported

as being too faint to be heard, and no friction rub was reported.
The blood pressure dropped fro~ 135/80 to 100/70 during the attack.
The patient was innnediately gi~en morphine grs.
he. slept.

!

following which

On awakening .the next morning, he still had soreness in

the substerni.l region which persisted in varying degree for some
days.

Immediately following the attack, the patient's temperature

was recorded as 97, but it rose to 100.4 on il/8 and remained at
100.0 on 11/9.

The pulse rate rose steadily, reaching a maximum of

90 on 11/9 and th'.S?l gradually dropping back to normal.
count taken 11/14 showed 10,700 white blood cells.

A blood

On i1/1a, the
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leuoocyte count was appro:ximately the same (11,100).

A sediin.enta-

tion rate run on 11/16 revealed that one centimeter of blood settled
twenty-tour millimeters in one hour ·and· _forty-five minutes and by
11/18 this tinw was increased to two hours and ten minut·es.

After

several days, the patient felt so well that it was difficult for
him to remain in bed.

On

12/5. a disoission of the right eye was

performed followed on 12/8 by extraction of a let't cataract.

His

convalescence was uneventful. and he was dismissed from the hospital
on 12/22/38.
EXPLANATION OF SERIAL ELFI:TROCARDIOGRA.MS.

The first electrocardiographic record was taken on 11/8
approximately thirty-six hours following th• accident.

The remain-

ing records were obtained at frequent intervals as shown by the
figure.

The auricular fibrillation appearing in the first tracing

was replaced on 11/9 by a regular sinus rhythm..

The graphs of 11/12

and 12/5 show numerous extra-systoles of left ventricular origin.

The consecutive changae in the PR interval were as follows::
11/8---auricular fibrillation.
11/9---.20 sec.
ll/12--.21 sec.
ll/15--.22 sec.
ll/25--.22 aec.
12/5---.20 sec.
Unfortu~ately

it was not possible to have this man report

back for check up tracings after he left the hospital.

Balow is an

analysis of the serial records according to leads.
Lead 1.
dent.

On the 11/8 a typical monophasic complex w•s evi-

The ST segment showed less elevation on 11/9 and had reached

.

----------------~1

I

Lead 1.

'

',,,.

:ee.d 2.

:.er-d ?:,

~.crd '.::'.:?..,

:c"'d ':'.?1

.

'

;

.

.

:"" 11111111111111•111111111111

'"" llllllllllllllllll~llllllllllllOOll
"'"
1
",,

I

~111111...............
1 1m1 ;.,. . . . _ :1 1 1 -. -.- . -1 1 1 ~1 1 1 1 1 1 1 1 :
.

·.. ,"

i

I

!

.

11rn11111111111~1111111111m111
.

111111111111111111~11111111
lll~llllllllllllllllllllllllllll
Figure 4.

•:I

1

1
.

,-------------

l

Le~.d

Lead CF3

------

CF4

------

----

--------

Leo.d CF5

-------- ------

lend CP5

'

1111111111111111111•11111111111111111111111111111111
. ; 11111111111111111111111111111111.
~

..

••

•

"

lo•

lo "

... -

~

•

j

.

1111111111111111111111
Figure 4 (Cont'd)

-61-

the isoeleotrio level on 11/12.

By 11/15, the starting point for

the subsequent T inversion was definitely visible at the end of the

ST hump, and by 11/26, negative Tl was well developed.

On

11/12

and again on 11,/~~. t._r.e is a euggestion of an initial downward deflection but noo4.etill'ite• Ql appeared. at any ti...

The deflections

ot this lead shOW' r~l•tively low. volkge throughout.
Lead 2.

the ST elemion

in this

lead. ie most marked on

11/9 and by 1Vl2 has .r•••hecl the ieoeleotrio level.

Beginning T

inversion 1a notioeable on 11/12. and by .11/25, the typical coronary
T3 is fully d~veloped.

The P waves show progressive enlargement

reaching a max'imum on 11/25.

Thtre is:·a sug,estion of a negative

11/9:~,ta;nd
•&•in
on 11/26
'compare
.
.
.
'
t,acing with lowest Yoltage is recorded on 11/12.

initial vtm\rioular
defleotion
'

The

with lead 2).
Lead

s •.· The

A Q wave is present

011

~;'

ST segm•nt.

oa

:•

c.-nges •in

'

this lead .are negligible.

11/9 and also on 11/12 whioh is 26% of the

height of tb.i la:rgest 'R (R oi lead 2) tor this date.

'fhe low voltage

positive !r nve on 11/9 progresses through the isoehctric to a negative def'leotton by 12/5.

The lowest voltage reoorded for this lead

was on 11/12 .•
J.l'\hough :a

d~gnos~s

·of anterior iilf'arctiQn .Ust be made

(

after an exaaination

~'i$il-••d•
F ,,-<i'

,

1 .and 2, the ohangea whioh might be
,

expected in this type of ooolusion are not present in lead 3.

In-

stead we have the development of a large Q3 and the tendency toward
the development of • negative T deflection. both characteristic of
•

According to the crieteria of Durant (43)
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posterior involvement.

All ·axis readings for the standard leads

were within the normal range.
Lead OFl.

The QRS is mainly monophasic and upright, but

the suggestion of an initial Q persists throughout.

The T wave,

whioh is sharply inverted on 11/8, returns to the isoeleotric line
on 11/9 and then shows a tendency toward delayed inversion in subsequent records.

On all dates but 11/8, there is a definite slur-

ring present near the upstroke of R.

The lowest voltages recorded

are on 11/12 and 12/5.
Lead CF2.

The P waves are inverted throughout.

is monophasio and downward in all records.

The QRS

The ST segments are

elevated with the formation of monophasic complexes on 11/9 and
11/12.

The beginning of the development of a negative T. -is notice-

able on 11/15 with a full-blown, high voltage, inverted coronary T
appearing on 11/25.

There is a definite notohing of the beginning

of the downstroke of Q in .all records.

Lowest voltage is recorded

in ·11/12.
Lead CF3.

The changes are practically identical to those

described for Lead OF2.

It is interesting to note the ·small nega-

tive deflection, appearing at the pQint where the elevated ST seg'

.

'

ment returns to the isoeleotrio line, which is first noticeable on
11/9.

There is some suggestion of ~he same type of wave occurring

in Lead 2 for the same date.

In both oases it disappears on 11/12

only to appear again on 11/15 and develop into a definite coronary
T by 11/25.

The inverted, sharply peaked, T waves for both 11/25

and 12/6 exceed two millimeters in depth and thus must be olassi-

r--
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1

f'ied as large T4'a.
Lead CF4.
all leads.

The lowest voltage is recorded on 11/12.
The P waves are of low voltage and diphasic in

The elevated ST segment shows the beginning of a nega-

tive T wave at the return to the base line in 11/8.

Both the devi-

ation and the n~gative deflection are less evident on 11/9, and on
11/12, the elevated ST rises to a peak before returning to the base
line.

On 11/15, the deviation is again more narked and the begin-

ning T wave has reappeared.

By 11/25, the ST segment has returned

to the isoelectric and a large, inverted, sharply peaked T4 is preThe accompanying changes in the QRS complex are quite inter-

sent.
esting.

On 11/8 a large R is followed by a relatively small

s.

On

11/9, the S has increased in size while·the R has decreased: and by
11/12, the suggestion of' a sme.11 Q wave is present.

The last trac-

ing in the series for this lead (12/15) shows a Q followed by a very
s111B.ll
Q

R,

the latter corresponding to the notch on the downstroke of

present in Lead CF3 for this date.

The lowest voltage was recorded

on 11/9.
Lead CF5.

The changes here are similar to those in lead

CF4, but are less marked.

R remains dominant to S on all dates, the

largest deflection of th,e latter appearing on 11/15.

An inverted T

appears on 11/15 and reaches full development on 12/5 but does not
exceed 10 millimeters at any time.

Lowest voltage is recorded on

11/9 and 11/25.
Lead CF6.

The changes here again resemble those appearll:tg

in Leads CF.4 and OF5 but are even less marked.

R is relatively large.

throughout and S reaches a depth of two millimeters on only one oo-

r
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'

cas ion ( 11/16) •
again on 12/5.

A small negative T wave is present on 11/25 and
Lowest voltages are recorded on 11/25 and 12/5.

From examination ot the chest leads, it is evident that .
Lead CF4 is probably the most advantageous one tor study sinoe, in
this ca88 at least, it shows the most marked
Lead CF3 is almost it not equally as good.

al~erations,

although

From the analysis of

the precordial leads, a diagnos.is of anterior infarction must be
made.
The value of the precordial leads is well illustrated
when one considers that no significant abnormalities are present in
the standard leads taken on 11/12 and 11/16.

These records were

taken during the period of transition between the ST segment and T
changes, when the elevation of ST .had again reached the isoelectric
level but before definite final
?

manifest.

ventri~ular

deflection changes we1'9

The chest leads on these dates, however, showed well de-

veloped, signifioant abnormalities characteristic of anterior infarction.
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